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TEXT; The present paper gives a group-theoretical classification of the 
electron, hole, and exciton bands of the Cus0 crystal at different points 
of the R-space. In the introduction, some related publications ara briefly 
described. §1 gives a Study of the structure 9of the Cuprous oxide crystal 


- which belongs to the Symmetry group of(12) ' and the crystal terms of 


the copper ion. §2 gives the Study of the < -ucture of the electron and 
hole bands at different points of the k-space; in thig connection cnly 
electrons of 3d and 2p shells are considered A scheme of the electron 
and hole bands of Cu_0 tgs fiven in Fig 2 The characters of some irreduc 
ible representations ‘are given in Tables 1 and 2 The exciton spectrum of 
Cu,0 at k=0 is studied in §3. and the products of the irreducible 
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representations of the bands are calculated for four cases (Table 3) 4 


comparison of theory and experiment is given in §4 
for the same parity of electron and hole bands. 
intensive bands, beginning with n=2 Pig 398 


levels of four Joint electron and hole bands 


It has been shewn that 
the exciton series exhibit 


hows a scheme of the erciton 
(from n=2 to n=9) The 


splitting of the "new lines" is related to the different effective massen 


of the excitons 


orthostates for l=1 
of the green and yellow series are discussed 


The appearance of the new lin 
quadrupole transitions in para-exciton states, 
and in parastates for ]=3 


es is attributed either to 
or dipole transitions in 
Some further Characteristics 
The results of the present 


paper were communicated to the IIT Vaesoyuznoye soveshchantye po tuor): po 


poluprovodnikam (Third All-Union Conference 
conductors) in L‘vov on April 3, 

for guiding the work 1, § 

A. A. Kaplyanskiy, S [. Pekar, Ye 
mentioned There are 3 figures, 3 tables, 
t British, and 8 US 
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TITLE: _Bxciton Absorption of Light in a Coo0 Crystal. II. The Case of 
Absence of Constant Sxternal Fieids 
PERIODICAL:  Optika i spektroskopiya. 1960, Vol 9, Ho. 2, pp. 369-375 
TEXT: The results reported in the paper were presented at the Third 
All-Union Conference on Semiconductor Theory held in April 1989 in L'vov. 


Part 1 (Ref. 1) ie extended by a discuesion of the hole tands of p-type. 

of the exciton spectrum related to excitation of oryzen ions and of the 
fundamental frequencies of the Cucd lettice vibrations. The following 
theoretical points were checked by comparison with experiment: (1) origin 

of two hydrogen-like absorption-line series reported by Gross et al. (Ref. 2); 
(2) nature of the background of these two series, (3) origin of the line i, 
at 61254. The theory failed to explain the following observed features: 
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of Constant External Fielde 


(A) the doublet splitting of the yellow-series bands by magneti- fields, 

and (B) sharp rise of background observed in some regions of the exciton 
absorption. Acknowledgment ia made to K.B. Tolpygo who supervised this 
work. There are 3 tables, 2 figures and 22 references: 14 Soviet, 4 English, 
3 German and 1 Japanese. 
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AUTHOR: Moskalenko, S.A. 
TITLE: Some questions on the theory of interacting excitons 


SOURCE: Vses. soveshch. po fiz. shchelochnogaloidn. ‘ristallov. 2d, Riga, 1961. Trudy%. 
Fiz. shchclochnogaloidna. kristallov (Physics of alkali halide crystals). Riga, 1962, 77-80 


TOPIC TAGS: Bose-gas, Bogolyubov theory, exciton gas, non-ideal exciton gas, Landau- 
Khalatnikov theory, superfluidity, exciton, phonon, semiconductor, Bose-Einstein conden- 
sation, crystallography 


ABSTRACT: The author discusses the thermohydrodynamic properties of a non-ideal ex- 

citon gas in a semiconductor using Bogolyubov's microtheory of a non-ideal Bose-gas and 

the Landau-Khalatnikov phenomenological theory of superfluidity. Assuming that (a) the 

exciton energy depends on its quasipulse 7, by the law At p? where m is the isotropic 
2m’ 


mass and A is the excitation energy; (b) the thermodynamic equilibrium has time to estab- 
lish itself during the exciton life span t ; (c) hydrodynamic processes in the gas are revers~ 
ible and take less time than t for completion; (d) phonons promote the equilibrium of and 
determine the life span ¢ ; and (e) the direct interaction of the excitons and the indirect 
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interaction of the plionons result in the predominance of repulsion, the author presents the 
energy and pulse ofa non-ideal exciton gas ‘fn the state of Bose-Einstein condensation on 
the level ‘p qa 28: ‘ 


ge re pete es ae 
E= £, N=—-+NS 
=EQ) +N oe +! + 2 eB O+P Vn 
tek ‘ue ak (1) 
PaNP,+),n, P 
?P 


The author concludes that: (1) from the comparison of the exciton gas ina semiconductor 
with liquid helium He I, a number of optical and hydrodynamic effects in crystals may be 
predicted; (2) at subcritical temperatures primary and gecondary sounds whose velocities 
differ greatly may exist in an exciton gas; (3) light scattering over density fluctuations re- 
sults in a cleavage of the initial frequency; (4) exciton superfluidity sets on at small veloci- 
ties u < u*; and (5) mechanocaloric or thermomechanical effects cause the superfluid com- 
ponent to transfer the exciton mass over microcapillary ducts. Orig. art. has: 3 figures 


and 9 forroulas. 
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TEXT: The collective propert.¢e of interacving ¢xcitens in 4 sem1cons 
tor nave been studied using results of the microac epi. thetry of an impy 7 
fect Bose gas and of the phenomeno]ogica: theory ai vuperf. ade ty The 
hydrodynamic properties of an exciton gas were somparved woth those «of 
liquid helium. The paper starts with an introduttion an’ & fetarled : 
of various articles, in which the following Soviet Dest aeenors are men’ 
ned: P L. Kapitsa (Nature 14) 74, 194%, DAN SSSR 14. pied 
Landau (J. Phys. USSR § 71 19403 ZhETP 1 aga. “JA?y 2nETF fa * 
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TITLE: Selection rules and energy spectrum of electrons. 


Consideration of external fields anda directional deformations 
PERIODICAL: Fizika tverdogo tela, v. 4, no. 6, 1962,1994-2004 


ozy?: From the exciton function, a linear combination of many-eiectron 
functions, the following selection rules are obtained for the exciton - 
absorption without the participation of phonons in pinary crysta.3 naving ; 
the point space symmetry group G, when the extrema of tne bands lie at the 
point k 2 0: When light polarized along the { -axis is- incident aiong the 
teaxis, the allowed transition mill lead to such levels to which at the 

. > . : ; 
point k correspond oertain irreducible representations. These are 
contained in representations formed over the following bases: 
S, ={"% » 4% in the dipole case, 7 “(in,% + FI. oF rae eee 


, 


if ‘i 
in the quadrupole case, and Ss - il % - *, Y: oo [r, 9 -r,V.7 in the 
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Selection rules and energy. -- B125/B104 
magneto-dipole case. In all these cases9€G. *, =» _ is tne 
a“ k exc kK; 
gelection rule with respect to the group of the wave vector: ‘Undier the 
action of light with the polarization e, the allowed transitions lead from 


the ground state to exciton states with a representation over the tase 
: S 
{Ve » gi,: of the group of the wave vector QV equivalent to ge wnese 


selection rules indicate that tne transition probability depends on tie 
wave vector. In the presence of external constant fields and directions 
deformations, the levels of 4 cubic orystal are split up a8 4 result of the 
change in the crystal symmetry. The splitting of the exciton levels and ‘he 
selection rules for the split components are the principal factors 
characterizing the change in the exciton spectrum at giver external 
conditions. The selection rules describe the exciton absorption in free 
oryatals with the symmetries Dant Das Cay Dag? Das Sei Don! ays C5 euer 
if the orystal isa not gubject to any externa forces. There are 11 tavica. 
ASSOCIATION: Institut fiziki i matematiki AN MSSR, Kishinev {Inatitute 

of Physios and Mathematica 45 MUSSR, Kishinev) 
SUBMITTED: January 4, 1962 
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: AUTHORS . Moskalenko, S. As} Khadzhft, P. eg Bobry*sheva, A. Iej Leryekov, A. \. 
: | “QTTEEe: Optical-hydrodynemical phenomens: in the exeiton-photer ie 

| f SOURCE Fizika tverdogs tele, v. 5, 10. 5, 1963, 1444nt453 r 

TOPIC TAGS: ‘exeiton, phonon, ‘Bose-Einstein condensation, Hemiltonian, exciton 

| dispersion, phase transition, mean free path BO _ 

|} ABSTRACT: the ‘authors have studied the interaction of phonons with weakly bound = 
| oxettons and have analyzed. the various laws of exciton dispersion. ‘They have also 


' ¢nvestigated that particular case when, in the system of excitons and phonons 
' (acoustical or optical), thermodynamic equilibrium between excitons {s established . 


a before equilibrium between excitons and phonons. Here the interaction of phonons 


i with condensing excitons Joes not lead <o normal scattering but changes the nature - 
- of the whole energy spectrum of the system. The necessary conditions for this are 
’ gue that the meen free path-during interexciton collisions must be considerably 

i gmetler than during exciton scattering at acoustical and opticai phonons or at 

' {rpurities, The interexciton relaxation time must naturally be lesa than the 
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Life of the excitons. Computations according to different lews of exciton dis 
' persion lead to qualitatively new results, but this matter is not resolved. “In - 
© conclusion, we express our deep thanks to V._L. BoncheBruyevich, Ss I, Peker, 


' BE. I. Rashba, K. B, Tolpy*go, and S. Vs Tyablikov for discussing the peper and 
' making comments." Orig. ert, has: 1 figure and 35 formulas. a 
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TOPIC TAGS: cuprous oxide, line splitting, exciton polarization, 
wave function, crystal structure, band spectrum 


| 
SOURCE: ‘Pizdka tverdogo tela, v. 6, no. 9, 1964, 2729-2736 


ABSTRACT: Gross, Kaplyanskiy et al. (FTT, v. 2, 2968, 1960; v. 4, 
1660, 1962) found that strong directional deformation polarized the 
principal bands {(n > 2) of the yellow exciton series of cuprous 
oxide, without Splitting them. gimilar deformation was found to oa 
polarize and split the ) = 6125 A line, which is associated with the | 
In = 1 state in the yellow series, and the first lines of the blue 
land violet déries. ‘The present paper shows that the unusual be- — 
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~ [the degeneracy of the relative motion of excitons, with the complex 
| structure of the unit cell, and with the mixing and changes in the | 
j wave functions of the crystal terms. The amplitudes of the optical | 
i transition of the split components of the Z~type ap-levels are de- 
|termined. Estimates show that the splitting of the levels is of the 
same order as the breadth of the absorption lines under pressure." | 
| The authors thank Profs. A. G. Samoylovich and kK. 3B. Tolpygo for 
eae interest." Orig. art. has: 2 figures, and 17 formuias. 
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SOURCE: Flask tverdogo tela, 1 v. 6, no. 12, 1964, 3535-3597 


le TOPIC TAGS: exviton, energy spectrum, polarization, crystal symmetry, band structure, . 
i energy level ‘ 


. | ABSTRACT; It is pointed out that earlier discussions of the structure and symmetry of : 
: -the energy band in crystals of the wurtzite type did not take sufficient account of the fact ~: 
that the unit cell of such crystals contains two molecules. The authors therefore calcu- 
late the actual bands at the point k = 0 and take into account the complex structure of the 
unit cell. The possible exciton levels are determined for the relative-motion quantum 
- numbersn-1, 2, 3; these aro determined on the basis of a group-ihecretical calculation 
made by one of the authors in an earlier paper (Moskalenko, FTT v. 2, 1755, 1960). 
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TITLE: The angular dependence of probabilities of three-photon absorption 


SOURCE: Fizika tverdogo tela, v. 8, no. 9, 1966, 2730-2734 


TOPLE TAGS: nonlinear optics, three photon absorption , ABSaIe PT700 COC REIOIERT 
PHOTON , COmNUCTiON) BAVO, (AcE VEE GAWD, Gannon Zowe 

/ ABSTRACT: The dependence of the absorption coefficient on the direction of polariza- 
tion vectors of three photons taking part in a transition was considered under the 

' assumption that the valence band maximum and the conduction band minimum occur in the | 
Brillouin zone at a point k = 0 where the transition takes place. General formulas 

. were obtained for the angular dependence of the coefficient of three-photon absorp- 
tion for an arbitrary orientation of polarization vectors and for the special case of | 
three identically polarized photons at equal frequencies. Although the derived ex- 
pressions are more unwieldy than those obtained for the case of two-photon absorp- 
tion, they can be used for band-to-band and exciton transitions and in the local 
centers. Q.ig. art. has: 6 formulas. (¥K]} 
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TITLE: Infrared absorption by excitons due to photoionization and intraband lattice 
acattering 


SOURCE: Physica eatatus solidi, v. 18, no. Ll, 1966, 379-390 


TOPIC TAGS: IR absorption, absorption coefficient, exciton absorption ) poertoe 
metkericn, Dae? aetna conten 46d _ pamconlucto nr Lees 

ABSTRACT: quantum chanical theory is prestnted for infrared absorption by 
excitons due to photofonization and intraband lattice scattering. An investigation 
was made of the coefficient of infrared absorption by excitons in order to evaluate 
accurately the role of excitons in laser operation in semiconductors. Infrared 
absorption by excitons may take place as the result of the following processes: 

1) Transitions from one discrete level of the internal motion of the exciton to 
other discrete levels, 2) transitions between discrete levels of two different as 
series of the exciton, 3) phototonization, 4) photoionization with simultaneous 
band-to-band transition of the electron or hole, and 5) intraband scattering of 
the excition by acoustical and optical phonons. Only the third and €ifth cases wer 
were considered. Taken into account were the interaction between excitons 


Card 1/2 


APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135320015-0" 


aA ee Ay ieee men Fas CSIR SRC ALERT, ERA erty 


eRERever FOR RETEASE: 07/12/2001 CIA-RDP86-00513R001135320015-0 


Sree ee 


SES SE 


ACC NR: AP6036318 7 . ; 


and acoustical and optical phoaons and the Maxwell and Bose-Einstein exciton distribu 
tion functions. The first~ and second-order perturbation-theory approximations, Ine 
which are valid for the range of frequencies c q, were employed. This range is 
much greater than tras where t,o) 1s the relaxation time nf excitons (c q Tre] <<) 
The Hamiltonian was derived for the interaction of excitons with the infrared 
radiation field responsible for the processes of exciton scattering. The absorp- 
tion coefficient y(q) due to photoionization of excitons was calculated for materi- 
aig in which the existence of direct excitons with a wave vector K lying at the 
center of the Brillouin band has been established. For cu,0, Ge, InP, and GaSb, 
¥(q) was plotted as a function of ncq/I,¢ for the following exciton concentrations: 
10!2 car? in Ge, 10!3 cm73 in Cu,0, and 181% cm”? in InP and GaSb crystals. The 
effect of the exciton phototonization ig observable at the threshold frequency at 
comparatively low excitca concentrations. Orig. art. has: 30 formulas, 3 figures, 
-and 1 table. (WA-14] sat 
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TITLE: On two-photon atimulated luminescence in intrinsic semiconductors ang di-~- 


electrics. Transitions from an exciton state. /Report, Fourteenth All-Union Conference 
on Luminescence (Crystal Phosphors) held at Riga, 16-23 Sept. 19657 


SOURCE: AN SSSR, Izvestiya. Seriya fizicheskaya, V. 30, 20.9, 1966, 1539-1541 


TOPIC TAGS: luminescence, semiconductor crystal, dielectric crystal, nonlinear 
effect, laser, exciton, mathematic physics 


ABSTRACT: For a cubic crystal under pressure and for the 32 point groups, the authors 
have calculated the angular dependences of the emission and absorption coefficients 

| associated with exciton transitions due to the A2 interaction term and the angular 

| dependences of transitions due to the Arp interaction term, and have discussed the 

| features of the two-photon emission that arise from the fact that excitons are bosons. | 

! In the present paper they present and briefly discuss some of their results. If the - 

| temperature is so low that the excitons aro degenerate (form an Einatein-B08e con- 

| densate), there can be emitted only two oppositely directed photons of the same aaaney 
This circumstance is favorable for the realization of a two-photon laser based ono 
degenerate excitons. The euission of photons of one frequency can be stimulated by 
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an intense beam of photons of enother frequency. As an example, the authors present |; 
the angular depondences of the omission coofficiont for On syamctry. hen the cubic | 
crystal is subjected to uniaxial compression there appear in the expressions for the 
angular dependences coefficients that must be determined experimentally. The authors 
are presently engaged in calculating the corresponding transition probabilities due 

to the a2 and Aep interaction terms. These data are required for design of the two- 
photon laser proposed by A.M. Prokhorov and A,S,Selivanenko (Avt. avid.No.872303 ot 

24 XII 1963 g.) and by P,P,Sorokin and N.Breglau (IBM J. research and devalop., 8,177 
(1964)). Orig. art. has: 8 formulas. ye 
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TITLE: Group-theoretical investigation of exciton absorption bands in Cu,0 
crystals 


SOURCE: Ref. sh. Fizika, Abs. 12D324 
REF SOURCE: Tr. Komis. po spektroskopii. AN SSSR, t. 3, vyp- 1, 1964, 454-458 


TOPIC TAGS: cuprous oxide, exciton absorption, absorption band, group theory, 
Hamiltonian, exciton, Coulomb interaction 


ABSTRACT: Starting from the many-electron formulation of the problem, the authors 
obtain in matrix form the Hamiltonian’ of the exciton with account of the complex 
structure of the crystal, for electron and hole bands of different symmetry, at dif- 
ferent functions of electron-hole relative motion end with allowance for the Coulomb- 
interaction terms. A study is made of the energy levels of the exciton, their split- 
ting, and polarization es functions of the external conditions. [Translation of 
abstract } 
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RITLE: A criterton for superconductivity 

CITED SOURCE: ‘Izv. AN MoldSSR. Ser. yestestv. i tekhn. n., no. 7, 1963, 63-78 


‘TOPIC TAGS:  superconductivity, pair excitation, electron pair, Frohlich model, 
- guperconductivity criterion 


TRANSLATION: The conditions for stability in a Frohlich model, with account of 
Coulomb interaction, was investigated with the aid of the criterion for the in- 

_ stability of the normal state relative to formation of electron pairs, introduced 
by Bogolyuboy and consisting in the fact that the energy of such paired excita- 
tions becomes imaginary. A numerical analysis is presented for the superconduc - 
tivity criterion obtained in this manner. R. Surle. 
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TITLE: Measurement and recording of fall current in a 25-Mev stereobet 
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CITED SOURCE: Sb. Elektron. uskoriteli. M., vyssh. shkola, 1964, 204-209 
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YANSLATION t Results of a study ef accoleration process and beam characteristics 
are reported. Possibility 15 considered of detormining the charge of accelerated 
electrons by 4 direct measurement of the charge of the electrons that struck the 
Larget. For inweasuring the accelerated-electron charges, 2 combination eireuit is 
used which records simultaneously the target current and the signal anduced in a 
gpecial. indicating electrode; the eireuit can operate at any particle enerfy- 
Stereobetatron potentiaiities as a pulse flow detector were assessed by using it 
for exanination of a lead var having artificial defects. The eircuits are supplied, 
-and the experimental results are discussed. 
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AUTHORS: Palistrant, We Be 


TITLE: Contribution to the theory of optical bands of F-centers 41 
SOURCE: Optika i spektroskopiya, V- 17, no. 5, 1964, 728-733 


-" gopre TAGS: F centers optical band, spectral curve, phonon, crystal | 
lattice vibration, emission spectrum, absorption spectrum 


 ApsTRACT: The first moments of the spectral curves are calculated 

* with allowance for the change in the phonon equilibrium positions 
and the phonon frequencies during an electronic transition from a ls 
ground state to a 2p excited state. Simplified electronic functions 
are used together with a simple model for the lattice vibrations, 
and the temperature shift of the maximum of the spectral light ab- 
sorption and emission bands are calculated, together with their 
half-widths and the deviations from mirror symmetry of the light 
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- TITLE: Variational principle in thermodynamics of superconducting systems 


> SOURCE: Fizika metallov i metallovedentye, v. 17, no. 6, 1964, 827-833 


, . TOPIC TAGS: superconductivity, variational principle, thermodynamics, 

' + Green's function, functional Froehlich model 

! ABSTRACT: The authors consider the superconducting state of metal in the 

Froehlich's mode! with Coulomb interaction between the electrons. The thermo-_ 

' dynamic potential of the system is represented by a functional of a complete 
electronic and ioric Green's function. It is shown that this functional is a sta- 

_ tionary one with respect to the independent variations of electronic and phononic 
Cireen's functions, and to the mass- and polarization operations. An expression 

: for the second variation of this functional is obtained. Orig. art. has: 24 equa- 
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xi ton Absorption in Ionic 


1956, 24, 55-62 


The short wove displacement of the absorption line spec- 


trum of an exiton at & temperature drop is studied theo- 


exiton with the inertial polarization of the lattice crea 
turbation of the system, 

An approximation of 

the effective mass method and the macroscopic method of 
computation of crystal polarization are used for the con- 
Numerical computations gre carried out for 

The results for Cu. 
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the polaron, the astute 2p of the polaron, and for the self 
consisting state 2p. Furtheron expressions for the effective 
mass of the polaron in the excited stute, for the sean 
effective mass of the polaron anc for the ratio of the 
effective masses of the polaron in two states ire put down. 
The data found speak in favor of the probability of the 
thermal excitation of a polaron 1s » 2p having regaurkuble 
velues at room temperatures anc at “ivner tenperatures. The 
transition into the excited state takes place within a tine 
of about 10° and 107? sec. Ther. are 2 t-bles and 14 
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In the present peper an expression for the energy and the 


effective mass of anexciton is determined which is subjected 
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ABSTRACT: In a recently published paper by N. N. Bogolyubov et al. (Ref 1) 
the theory of the phase transition in superconductors was 
investigated on the basis of the model Hamiltonian. Bardin et al. 

(nef 2) developed a thermodynamics by means of an approximated 
variation method. I. A. xyasnikov (Ref 3) investigated the 
possibility of the application of the variation principle to a 
model Hamiltonian of a more general nature} the results obtained 
confirm the results of the two aforementioned papers. In the 
present paper the following is shown: by means of the variation 
principle it is possible to determine the results obtained by the 
aforementioned earlier papers also in a more general form by 
proceeding immediately from Frelikh's Hamiltonian. For the 
purpose of calculating the statistical sum for an ensemble 
described by a large Gibbs distribution, the author introduces 
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g- the coupling constant, V - the volume of the system. Next, 
the statistical sum z of the system is calculated by the operator 
method developed by Feynman (Ref 4). The variation principle 
applied here to the statistical sum is equivalent to the 
variation theorem represented in Legrangian (Lagranzh) forme 
The author then goes over to new Fermi amplitudes m9 % 4 


in accordance to an idea conceived by N. He Bogolyubov by means 
of a canonical transformation. For the Hamilton operator 
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TITLE: On the Superconductivity of Metals, Taking Into Account 
the Overlapping of Energy Bands 


PERIODICAL: Fizika metallov i metallovedeniye, Vol 8, Nr 4, 1959, 
pp 503-513 (USSR) 


ABSTRACT: Recently, Bogolyubov (Ref 1) developed a new method for 
the theoretical study of superconductivity. The theory 
is based on the analogy between the superfluidity of a 
non-ideal Bose-gas and the superconductivity of the 
electrons in a metal. In this new theory an important 
part is played by electron pairs with opposite momenta 
and spins and lying in the neighbourhood of the Fermi 
surface. A similar though somewhat different approach 
has been used by Cooper (Ref 2) and Bardeen et al (Ref 3). 
However, up to the present time no quantitative studies 
have been published on the effect of the periodic field 
of the lattice on the properties of superconductors since 
so far the lattice was in fact replaced by a vibrating 
Continuun. If the periodic field is taken into account 
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present paper only the first of these two effects is 
Considered and the second is neglected. For simplicity, 
the magnetic degeneracy of p- and d- bands is 
neglected and the author introduces certain effective 
densities of electron states near the Fermi surface and 
certain averaged matrix elements for transitions under 
the action of thermal lattice vibrations. The 
Hamiltonian of the electron-phonon system in the case of 
Overlapping energy bands can be obtained as a direct 
generalisation of the Bardeen Hamiltonian (Ref ?). The 
Hamiltonian used is given by Eq (1) where V is the 
Volume of the system, s is the spin index, &)(k) is 
the energy of an electron in the first energy band, 
uM. is the chemical potential of this band corrected for 
@ interaction, ays, aucg are the annihilation and 
creation operators of the first band, and the intensity 
of electron-phonon interaction within the limits of the 
first band is denoted by Ij. The corresponding YY 
quantities for the second band are denoted by 
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{The summation in Eq (1) is carried out over the momentum 
space limited to the neighbourhood of the Fermi surface 
by a width 2hw, where h is the Planck constant 
divided by ar and «) is some average phonon frequency. 
Using this model, a calculation is made of the thermo- 
dynamic potential, the critical temperature, 
singularities in thermodynamic quantities, and the 
energy of the ground state. It is shown that under 
certain conditions the d- band plays the main role in 
the determination of the parameters of the super- 
conductivity state. Acknowledgements are nade to 

S.V. Tyablikov , who suggested this topic, and 

D.N. Zubarev for discussions and suggestions. 

There are 3 figures and1l0 references, of which + are 
English and 6 are Soviet (one a translation from English). 
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TITLE: Froquency spectrum of the quantum fle.d in adiata’i pert.c.a’ 
theory 


PERIODICAL: Referativnyy zhurnal izika, no 12, vel, Bl-3e. aretra’ LfAS ly 
(Uch, zap. KiShinevsk. un-+, 1460, no. 5>, 115 12’ 


TEXT: The authors scrutinize ‘ne prebiem of interaction tetweer parts. .* = 
and quantum field in an approximation of adtavatic -:oupling Owing $2 inceract’ 6 
in the system there arise collective motion of translation witn effective maso M 
and fluctuation motion of particles abou" the center of coliective mocicr Cr, 
the assumption of low translation velocity, a system cf equa*iors ts derived tor 
toe wave functions of particle and fteld, from which 1* 18 possscie %: Jecernineg 
the eigenvalues of the frequency operator of the quan’ ut fteld javes f zer7 
frequency und positive frequency are studied in detail! aS We... 47 "TF pate 
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AUTHORS ; Tyablikov, S.V., Moskalenko, VA, 
TITLE; Multi-phonon scattering of polarons 


PERIODICAL: Referativnyy zhurnal, Fizika, no, 10, 1961, 237, abstract 10E20 
("Uch, zap, Kishinevak, un-t", 1960, v. 55, 129 - 141) 


TEXT; The authors consider scattering of polarons by lattice defects in 
sonic crystals, Scattering processes are taken into account which are accompan- 
ied by production or destruction of an arbitrary number of phonons, these pro- 
cesses being caused by the existence of a relation between the translational 
motion of the polaron and fluctuation motion of the electron in the polaron 
potential well, The method of Bogolyubov's adiabatic perturbation theory ("Ukr, 
matem, zh.", 1950, v. 2, no. a, 3) 1s used for the analysis. Shifts of the equi- 
librium positions of the nuclei and changes in frequencies of lattice oscilla- 
tions during the changes tin the states of polaron translational motion are taken 
into account, The method of calculating these parameters is developed for the 
ease of weak non-adiabaticity. A finite expression is obtained for the probabili- 
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tion states, entering this expression, are calculated by means of the Green func- 
ticn method, 


M. Krivoglaz 
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(Quantum theory) 
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AUTHORS ; Kasiyan, A. I., Moskalenko, V. A. 
TITLE; An approximation in the theory of Green's quantum functions 


PERIODICAL; Referativnyy zhurnal, Matematika, no. 1, 1963, 67, abstract 1B319 
(Izv. AN MoldSSR, 1961, no. 10 (88), 27 - 32, summary in Moldavian) 


TEXT: The authors investigate a system of equations for Green's tempera- 


ture functions describing a system of electrons and phonons. In uncoupling the bjs 


obtained system of equations one arrives at the approximation 


equivalent to replacing the peaking operator by unity in Dayson's equations, 
As result, a system of nonlinear integral equations is obtained for Green's 
phonon and electron function. 


A, V. Tulub 


[Abstracter's note: Complete translation] 
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moxt: A method is proposed “or calculating the characteristic 
Sanction of phorion transitions; the method involves the use of 
Green's quantum functions. The multi-phonon transition-prod.bility 
is determined (to within a factor of proportionality), by the 
quantity 
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where V denotes either the frequency of electromagnetic radiation 
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the system. Expression (5) was cal- 
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Sonn be exaetly calculated, i.e. the SUT TUES SoS aes, 
agments our d(v)} tane into sccount the displucement oF the  .c.an 
“ators from the equilibrium position, as weil us the change in 
phonon frequency during, the elcetronic transitions. The dotained 
Pormalus for the moments are in agreement with the results oF Rev. 
1 (Op. cit.). Taking into account the change in phonon Ire jeinuies, 
leuds to an increase in the haif-width of the spectral carve; tre 
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naltewidth of the absorytion and emission curves may differ \wiion 
ig nit the cuse if the Dlrequency effect is negiected). By octting 


n Eqs. (3) and (5), one ovtains the function JO} wWhark de- 
s tie probability of rnon-radiative transitions. After 2e.- 
ns, an approximute expression is obtained ford 0p. she 
apove results ure extended to more complex Moae The formuiay toere- 
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“AUTHOR! Moskalen 


 @ITLEs . Calculation of thermod namic otential of quantum systems 


ioqrreD SOURCE: Sb- I-ya nauchn. gessiya AN MolLdSSR. Kishinev. Shtiin- : 


"Cga, 1962. 145-152 _ 


‘TOPIC TAGS: quantum system « thermodynamic potential. electron 
‘phonon system ‘e. Green's function, vertex operator 


TRANSLATION: It ie shown that the principal results of the thermo-~ 
‘dynamic perturbation theory can be obtained by considering skeleton | 
vacuumr gelf-energys and polarization ‘Qiagrams of the electron 
phonon system and by setting the total Green's functions in cor~ 
regpondence with all the Lines of these diagrams, and the vertex 
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be ' where v(x) is the energy of the Coulomb interaction. 
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It was noted that it is possible to include in the theory the Coulomb : 


‘interaction of the electrons, by replacing the zero Green's function 


of the phonon Din *) by the boson function D(x): i i 


D(x) = Day (x) ~ vOd S(t) 
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AUTHOR: Moskalenko, V. A-_..- 
TITLE: Determination of the critical temperature of a superconductor 
PERIODICAL: Fizika tverdogo tela, v. 4, no. 10, 1962, 2770 - 2776 


TEXT: The critical temperature of a superconductor is calculated on the 

basis of Fr6hlich's Hamiltonian supplemented by a term which takes account 

of the Coulomb interaction between the electrons. Since the binding energy 

of pairs of electrons or holes with opposite spin orientations and momenta a 
near the Fermi surface vanishes at the critical temperature, this point is 
found by solving the Bethe-Salpeter equation for zero binding energy and 

total momentum of the pairs. ‘The critical temperature io in essential the 
eigenvalue of this equation. With the denotat ions 


U(k | 2,) = U(r, 0) # (k js), (46) 
b= pee Bre Pri) (47) 
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TITLe: A superconductivity criterion 
PERIODICAL: Axademiya nauk SSSR. Doklady, v. 147, no~ 6, 1962, 1340-1343 


TEXT; The article aims to ascertain the part played by the Coulomb 
interaction of metal electrons in the proceas of eatablishing the 
superconducting state, ignoring a number of other important properties ti 
of the metale. The interaction between the electron or hole pairs is 
described by means of a Bose quantum field; the binding energy of the 

pairs is determined according to Gell-Mann and Low (Phys. Rev., 84, 350 
(1951)). It is shown that the Coulomb interaction ig acreened and, 

moreover, leads to renormalization of the phonon frequency and the bare 
coupling constant. Assuming the total momentum of the pair to be zero, it 

ig shown that the energy of the collective particle pair excitation ig 
imaginary. This corresponds to inetability of thé normal state of the 
metal, i.e. the superconducting state ocours. Aa asuperconductivity 
criterion @ >0O ia obtained, where 
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p rr 8p.) B 0 
Pe “ype 21 (Pp) B (Pepe | 0) 


P' Cn 


(1 — Prny.*| 2° (1 — Png) — In (1+ Same at) |>0, (32) ig 


is obtained as sufficient criterion for superconductivity where criterion 


wo 2(q) = 0 for the stability of the crystal lattioe ig satisfied for all 


q <4a° G, 18 the maximum Debye momentum. Further 


weg) — CQ) (7 4 4 (x) (> — pxt)) (x + p'n (XN): (26) ‘and 
a oe ee 
(x) = -~ a I (2p,x; 0) = I + a ing: (22) 
P= ppgr/2T,, p= e/2aT,, x= 4/2p,. (23). 
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is the (x) minimum. The other symbols are taken from the Gell-Mann 
‘a i 


study, and from works by V. M. Galitskiy, A. B. Wigdal (ZhETF, 34, 139 
(1958)), J. M. Luttinger (Phya. Rev., 121, 942 (1961)) and N. W. 
Bogolyubov (Kvazisredniye v zadachakh statiaticheskoy mekhaniki, 
Rotoprint Ob"yedinenn. inst. yadern. issled.~Quasimeans in problema of 
statistical mechanics, Rotoprint of Joint Inatitute of Nuclear Research, 
Dubna, 1961). : 


‘f 


ASSOCIATION: Institut fiziki i matematiki Akademii nauk MSSR (Institute 
of Physics and Mathematics of the Academy of Sciences MSSR) 


PRESENTED: May 28, 1962, by Ms N. Bogolyubov, Academician 
SUBMITTED: May 24, 1962 
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B102/B186 
“UTHORS t marinchuk + A. Y@er and Monkalenkos Ys ohe 
ViLTies crystal Lattice thermodynamics 
pri {CALE Fizika tverdogo tela, Ve 5, no- 2s 196", 519 7 580 
, av: On the pasis of the graph technique and the temperature creen func- 
tions the trermodynami¢ P tential of a uniform lattice is calculatedy evbic 
and juairuple anharmonis peing taken into account. kor the gyatem con- 1 
gitereds whose Hamiltonian is given DY 
— H+ He (1) 
Hea Yhoelaran 
: (2) 
1 1 = 
H,= 4 pad rr eer (3) 
mere Py" fe anys the thernodynamte potential W- w-(0/8) <u(6)? " 43 
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1 ‘ 
vou,=—a/T SO wo {Soda Ta / 
0 ayy (14). b, is the wo” 


Jattice potential in HeeueRLe approximation and u(B) is the evolution 


Shueates " (@) > T exp{- il, cedar B- 1/T, ¢ is the coherence index; j 18 
ie) 


ne number of the lattice vibration branch, 


Dy (ton) =, wl! (x —- ¢) = ATA, C) Pee (“) Ua) (8), the polarization operator 
satisfies the vyson equation . } 

Iie’ G—*)= [Tt (@—*)-+ Lie Kah (9) whose 

components ere explicitly given., The variational theorems for are ob- 


tained as (uC Ss = 0 and Ku > = 0. There are 4 figures. The 
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Moskalenko, V. A. 


Consideration of Coulomb interaction in superconijuctivity 
thermodynamics 


PERTODICAL: Akademiya nauk SSSR. Doklady, v. 148, no. 
307-310 


TBAT; Since Coulomb interaction betseen the electrons has hitherto not 
been considered explicitly, a study is made here of its effect on certain 
parameters of a superconductor. Starting from the Hamiltonian 


H=H, +H;¢ 


7 : H,= Dy dxy* 3) (xa) D (x); 
Ho = DyT (k) agers + dy ogbf by + Ho: ° 
~-" q D (x) = gy (x) + ex (x). 
as previously derived (DAN 147,6,1962), the quantum field assumed to 
obey the condition 


Ds (x — #') = (Ty (0) 4 (8) —O(K—K')8 (1 — 1), (5) 
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ig introduced, whereinson the Dyson relations for G(x-x') and Pix-x') ure 
derived from tne singie-electron Green finctions. Por one of the Green 
vertex functions the mars and polurization operators are obtaine) 
explicitly in Dyson representation, Tnege conditions lead to an expres- 
sion for the thermodynamic potential. after introducing the pulse 
representation, the simplest form of the vertex operator ™ is used for j 


: ‘ a A A A 
making approximate calculations Ut ani being assumed to be zero). Tne ; 
usual designationg are employed. an equation is obtained from which ora 


a 


Los . 
4. (&, 0) is derived as a function of the parameters f and g. 9 is wiven 


bs Pee eee Ge ia 
y B= ile (Ee) B (he he 0), sium. as (20). 


This equation leads to _ (ky 0) for 3 = wm (temperature of absolute zero) 


= (ke | 0) = 20 exp (— I/p). - as 
: 23 


from which os w : 
to _~ 2, | in’ = a 
Bm Te = exp (— =: airy dt) = 1.1340 exp (~ Vp). (24) 
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is obtained for > = 6 (critical temperature). These expressions are 
analogous to formulas obtained without considering Coulomb interaction 
and hold for positive and sufficiently small values of Q. 
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TETLEt Deterainatton of the critical temperature of an impure superh 
ctor by eg use of the two-band model 

| atte 

SOURCE: Zhurnal eksperimental'noy f teoreticheskoy fiziki, v. 49, 

no. 3, 1965, 770-780 


TOPEC TAGS: superconductor, {mpurity, critical temperature, energy 
band : 


ABSTRACT: A theoretical investigation was made of the influence of 4 
nonmagnetic impurity on the superconducting transition temperature of 

a metal with overlapping energy bande. Sfince the single~band nodel 
approximation wae mot applicable, a wethod developed earlter by one 

of the authors (V. &. Hoskalenko, FUN, &, 503, 1959) and aleo by Subt 
et al. (Phys. Rev. Lett. 3, 552, L959} wae applied. & weak electroa~ 
phonon coupling was assumed, and single-particle green-function elements 
which are nondfagonal to the band indices were neglected. [Et was demon: 
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“ETLE: Study of Lanthanum - seedvaiat hardness as @ function of temperature 
between 77°K and 293°K \ 


|. sqURCE: Fizika metaLlov £ metallovedentye, Ve 20, 20. 3, 1965, 465-467 
TOPIC TAGS: Lanthanum,neodymium, hardness, temperature dependence» cryogenic 
affect, phase transition, liquid nitrogen induction furnace, vacuum furnace 
“:: | ABSTRACTS The system studied consisted 0 99.3% Lanthanum containing 0.3% Ce; 
“2 | 0.1% Nd3 0.2% Pes 0.02% Fe, and neodymium containing 99.2% neodymium and 
“lt €0.5% Pr, ¢ 0.1% Sm, ¢, 9.002% Ca, ¢ 0.05% Fe. Samples were prepared in a vacuun 
induction furnace. Measurements of hardness were made by means of Vikker's — 
‘apparatus equipped with a Low temperature modi£ication. Liquid nitrogen was 
| used to obtain temperatures in the range of 77-293K. A heater was attached 
for the evaporation of liquid nitrogen. It was found that 40% deformation at -— 
room temperature tnereased the hardness of both metals by 60% as compared to the | 2. 
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